The P.M.R.-spectrum of mercury dimethyl partially oriented in a nematic liquid crystal has been studied. From the ratio of the direct magnetic dipole-dipole interactions of the protons the ratio £0/o is calculated. £0 being the distance of the two parallel planes containing the methyl protons, and Q being the distance of the methyl protons from the molecular symmetry axis. From this ratio the splitting due to the direct coupling of the protons with 199 Hg of spin 1/2, present in about 17% natural abundance, is calculated and compared with the experimentally observed one. Exact agreement is obtained under the assumption that the methyl groups are rapidly rotating and that the direct and indirect 199 Hg -H-couplings have like signs. Since the preferred orientation of the long axis of mercury dimethyl is probably parallel to the direction of the magnetic field, the absolute sign of /IWHG, H is found to be negative. Correspondingly it is shown that the sign of 7CH3,CH3 is positive. No evidence is found for a possible contribution of the anisotropic part of the indirect couplings.
The discoveries that molecules dissolved in nematic liquid crystals are partially oriented and that their proton magnetic resonance (P.M.R.) spectra show highly resolved line splittings due to direct magnetic dipole-dipole interactions 1 , have stimulated an increasing number of investigations. Thus, information has been obtained on the absolute signs of indirect spin couplings, on the anisotropy of chemical shifts and on the intermolecular forces causing specific average orientations of solute molecules of various chemical structure.
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The most important application, however, has been the determination of bond angles and ratios of internuclear distances from the measured direct dipole-dipole couplings which are proportional to the inverse cube of the internuclear distance. To obtain the couplings from the observed splittings, one generally assumes that the anisotropic part of the indirect coupling can be neglected. This assumption seemed, in general, to be justified because for molecules containing only ] H. 13 C and 15 N as magnetic nuclei the bond angles or ratios of internuclear dis-tances were found to be in excellent agreement with those obtained by other techniques, e. g. microwave spectroscopy, x-ray and electron diffraction. Small deviations have been attributed to minor changes of the molecular geometry in the liquid phase or to the influence of molecular vibrations.
With molecules containing 19 F, however, neglection of the anisotropic part of the indirect coupling might lead to unreasonable geometrical data since anisotropic contributions of considerable magnitude have been reported in several cases 2~4 . The question whether other magnetic nuclei might also give rise to an anisotropic part of the indirect coupling seemed therefore to us to be of general theoretical interest.
In this connection we have studied the P.M.R.-spectrum of partially oriented mercury dimethyl which is especially well suited for several reasons: The special 6-spin spectrum of this highly symmetrical molecule is easily analysed 5 . If the anisotropic part of the indirect H,H-couplings is neglected, the ratio of the two distances £o/{? can be obtained, being the distance of the two parallel planes containing the methyl protons, and Q being the distance of the latter from the molecular symmetry axis. Because of the presence of about 17% of the molecules containing 199 Hg of spin 1/2, additional splittings are observed in the spectrum due to the direct and indirect couplings of the protons with this nucleus. The high molecular symmetry 0 makes it possible to calculate this splitting from the observed protonproton couplings if contributions of the anisotropic part of the indirect couplings are neglected. As will be seen, the predicted splitting is in excellent agreement with the experimental one and it is concluded therefore that anisotropic contribuitons of the different indirect couplings are in this case actually negligible.
Experimental
All spectra were recorded on a Varian HA 100 N.M.R.-spectrometer (HR-mode). The experimental details were the same as previously given 5 ' 7 . A sample of pure mercury dimethyl H3C -Hg -CH3 was kindly provided by Dr. H. LINDE, Basle. The computer programs for the computation and graphical representation of the theoretical control spectra have already been briefly described elsewhere 5 .
As solvent a 1 : 1 mixture (by weight) of the following two compounds was The measurements have been done at 27 °C, the probe temperature of the HA 100 spectrometer. Before recording the spectra, the sample was kept in the probe for several hours in order to achieve a good temperature equilibrium.
Results
The P.M.R.-spectrum at 27 °C of 110 mg of mercury dimethyl in 500 mg of a 1:1 mixture (by weight) of the two liquid crystalline compounds mentioned is shown in Fig. 1 (upper part) . The spectrum is symmetrical with respect to the center of gravity (0 Hz) and therefore only the central and the high-field part are presented, recorded with different sweep speeds. In the high-field part additional lines with negative intensities are seen which correspond to the modulation side bands at 6003 Hz of the central part of the spectrum. as a function of the following parameters:
: direct dipole-dipole coupling between protons of the two methyl groups,
•BCH3 = B : direct coupling of the protons within a methyl group,
indirect coupling between the protons of the two methyl groups.
The value of A is directly calculated from lines (8) and (17), and B is obtained from line (1) (see Table 3 of Ref. 5 ). The fact that (1) is the innermost line of the outer part immediately proves that A and B must have opposite signs.
From 8 spectra we obtained the following values:
A/B= -157.5/2000.5 -0.07875±0.0001 (standard deviation).
A theoretical spectrum calculated with A negative, B positive and / = + 0.45 Hz 8 is in excellent agreement with the experimental one (see lower part of Fig. 1 ). For an opposite (relative) sign of J the agreement is worse, since the distances between the pairs of lines (7) and (11), (2) and (17), and (16), (16) are wrong up to 3 Hz. If a parallel orientation of the long molecular axis with respect to the direction of the magnetic field is assumed, as has been proven for similar elongated molecules 5 , the absolute signs of A and B are negative and positive, respectively, and therefore /CH^CH, should be positive. This is in agreement with expectation because extensive double resonance 8 ' 9 studies of the isotropic liquid have revealed the relative signs of all indirect couplings in mercury dimethyl and a positive sign of /CH3,CH3 was predicted under the generally accepted assumption that the one-bond coupling J 13 C, H is positive.
With the above given ratio of A and B, the ratio of the two distances and o has been calculated by numerical integration of Eq. (10) The splitting of all lines due to 199 Hg of spin 1/2 in symmetrical doublets is seen in Fig. 1 The above-given ratio £Jq has been calculated under the assumption that the methyl protons are freely rotating, i. e. that all angles of rotation are equally probable. If three equally populated staggered or eclipsed conformation are assumed, only small changes in the ratio A/B of +0.0001 and of £Jq of +0.0023 are to be expected compared to the case of freely rotating methyl groups. These differences are of the same magnitude as the limits of error stated above. Therefore, hindered or free internal motion cannot be distinguished unequivocally. A different situation has been reported with ethane 4 . Here the smaller value of £0/f> causes larger differences between the ratio AjB of the three possibilities and a better fit between experimental and theoretical data was obtained for staggered conformation.
Conclusions
From the P.M.R.-study of mercury dimethyl oriented in a nematic liquid crystal the following conclusions can be drawn:
The results are in agreement with the known linear and highly symmetrical structure. Although it cannot be distinguished experimentally between the cases of freely rotating methyl groups, rapid rotation between the three staggered or the three eclipsed conformations, the data indicate that a possible contribution of the anisotropic part of the indirect coupling between 199 Hg and H is negligeable. If a parallel orientation of the long molecular axis is assumed with respect to the magnetic field, the absolute signs of the scalar couplings /'"Hg, H and JCHS,CH3 must be negative and positive, respectively.
